The cross sections for the reactions pp → pΛ 0 K + and pn → nΛ 0 K + are calculated near threshold of the final states. The theoretical ratio of the cross sections R = σ(pn → nΛ 0 K + )/σ(pp → pΛ 0 K + ) = 2.98 agrees well with the experimental estimate R ∼ 3 − 4, which has been obtained from experimental data on the cross section for the reaction pd → K + X by the ANKE-Collaboration at COSY (EPJA 22, 301 (2004)) by using the parameterization taken from (PRC 59, 369 (1999)). The cross sections for the reactions pp → ppπ 0 , π 0 p → Λ 0 K + and π − p → Λ 0 K 0 are calculated near threshold of the final states. The theoretical cross sections agree well with the experimental data.
Introduction
Recent experiments on the production of K + -mesons in the reaction pd → K + X, where X is a hadronic state with strangeness S = −1 and baryon number B = 3, carried out by the ANKE-Collaboration at COSY [1] have led to the prediction for the ratio of the cross sections for the reactions pp → pΛ 0 K + and pn → nΛ 0 K + near threshold of the final states:
This estimate has been obtained by using the experimental data on the cross section for the reaction pd → K + X and the parameterization of the cross sections for the reactions pN → K + X, taken from [2] . The ratio of the cross sections R depends on the energy of the incident proton. The estimate (1.1) is valid mainly near threshold of the production of the final NΛ 0 K + state for T p ≥ 0.67 GeV, where T p is the kinetic energy of the incident proton in the laboratory frame, and it tends to unity with increasing kinetic energy of the incident proton [1, 3] . For example, for T p = 1.83 GeV and T p = 2.02 GeV one gets R = 1.85 and R = 1.78, respectively (see Table 4 of Ref. [1] ). A theoretical explanation of the estimate R ∼ 3 − 4 has been proposed in [2] and [4] . As has been pointed out in [4] , the value R ∼ 3 can be mainly due to the dominant contribution of the ρ -meson exchange in addition to the contribution of the resonances N(1535) and N(1650) with the quantum numbers I(J P ) = 1 2 ( 1 2 − ) [5] , described within the Breit-Wigner approach [6] . In [2] the cross sections for the reactions pN → NΛ 0 K + have been calculated within the resonance model of NN scattering for energies of the incident proton far from threshold. Within such an approach the ratio R can be obtained assuming the validity of the cross sections in the vicinity of threshold [7] . Recently [8] we have proposed a model for the strangeness production in pp collisions pp → pΛ 0 K + and pp → pΣ 0 K + near threshold of the final states. The mechanism of the strangeness production, proposed in [8] , is based on the one-meson exchange approximation, similar to the models developed in [2, 4] and [9] , and the assumption on the rescattering of the pp pair in the initial state, i.e. the initial state interaction [10] . As has been shown in [11] , such a mechanism has turned out to be very important for the correct description of inelastic channels K − d → NY of K − d scattering at threshold, where NY = pΣ − , nΣ 0 and nΛ 0 . In this paper we apply the model, developed in [8, 11] , to the calculation of the cross sections for the reactions pN → NΛ 0 K + near threshold of the final state NΛ 0 K + and the ratio R. The paper is organized as follows. In Section 2 we calculate the cross section for the reaction pp → pΛ 0 K + . For simplicity we neglect the contribution of the final-state interaction of the pΛ 0 K + system. The obtained result agrees well with the experimental data [20] . We show that the contribution of the vector ρ -and ω 0 -meson exchanges to the cross section for the reaction pp → pΛ 0 K + decreases the value of the cross section by about 9 % only. In Section 3 we calculate the cross section for the reaction pn → nΛ 0 K + . We calculate the cross sections for the reactions with the pn pair in the state with isospin I = 1 and isospin I = 0 and demonstrate that the ratio R (I=1) = σ((pn) I=1 → nΛ 0 K + )/σ(pp → pΛ 0 K + ) ≃ 1. We find that the contribution of the vector ρ -and ω 0 -meson exchanges to the cross section for the reaction (pn) I=1 → nΛ 0 K + with the pn pair with isospin I = 1 decreases the value of the cross section by about 3 %. In turn, the vector -meson exchanges do not influence on the value of the cross section for the reaction (pn) I=0 → nΛ 0 K + with the pn pair in the state with isospin I = 0. In Section 4 we calculate the ratio R of the cross sections for the reactions pp → pΛ 0 K + and pn → nΛ 0 K + . We get R = 2.98. This agrees well with the estimate R ∼ 3 − 4 by the ANKE-Collaboration at COSY and the theoretical prediction in [2] . In Section 5 we analyse the contribution of the resonances N(1535) and N(1650). We show that in our approach the contribution of these resonances to the amplitudes of the reactions pN → NΛ 0 K + can be neglected with respect to the contribution of the octet of the ground baryons coupled to the octets of the pseudoscalar and scalar mesons. In Section 6 we calculate the cross section for the reaction pp → ppπ 0 , caused by the pure 3 P 0 → 1 S 0 transition with pseudoscalar and scalar meson exchanges. Near threshold the theoretical cross section agrees well with the experimental data. In Section 7 we calculate the cross sections for the reactions π 0 p → Λ 0 K + and π − p → Λ 0 K 0 . We show that the theoretical cross section for the reaction π − p → Λ 0 K 0 agrees well with the experimental data for the energy excess ε ≤ 13 MeV [12] and the results obtained within SU(3) chiral dynamics with coupled channels [13] . We show that for the correct description of the cross sections for the reactions π 0 p → Λ 0 K + and π − p → Λ 0 K 0 the contribution of the resonances N(1535) and N(1650) as well as Σ(1750) is very important. This agrees well with the statement by Kaiser, Waas and Weise [13] . In the Conclusion we discuss the obtained results.
2 Cross section for the reaction pp → pΛ 0 K + near threshold Following [2, 4] and [8, 11] we define the amplitude of the transition pp → pΛ 0 K + in the one-meson exchange approximation. A complete set of Feynman diagrams, describing the transition pp → pΛ 0 K + near threshold of the final pΛ 0 K + state, is depicted in Fig.1 and Fig.2 . We would like to emphasize that the calculation of these diagrams we carry out within a linear σ-model with linear realization of chiral SU(3) × SU(3) symmetry with pseudoscalar non-derivative couplings of pseudoscalar mesons and baryons. However, since the scalar partners of pseudoscalar mesons are not well-defined, we calculate the amplitudes in the limit of infinite masses of scalar mesons. According to [14, 15] , such a limit corresponds to the calculation of the amplitudes within the effective chiral Lagrangian approach with the non-linear realization of chiral symmetry [16] . Of course, such an equivalence has been proved only in the tree-approximation [14] - [16] . For the derivation of the analytical expressions of these diagrams we use the effective interactions (see Eqs.(D.4), (D.7) and (D.9) of Ref. [11] ) and the wave functions of the initial and the final states in the particle number representation:
where creation (annihilation) operators of baryons and the K − -meson obey standard relativistic covariant anti-commutation and commutation relations [11] . Near threshold of the final state pΛ 0 K + the Feynman diagrams in Fig. 1 can be described by the effective local Lagrangian of the transition pp → pΛ 0 K + [8, 11] :
where the coefficients A pp pΛ 0 K + and B pp pΛ 0 K + are equal to
where g A = 1.267 is the axial-vector coupling constant, renormalized by strong lowenergy interactions, F π = 92.4 MeV is the PCAC constant and α D = D/(D + F ) = 0.635 is the Gell-Mann parameter [5] ,
MeV is the kinetic energy of the relative motion of the protons at threshold in the center of mass frame, calculated for m N = 940 MeV, m Λ 0 = 1116 MeV and m K = 494 MeV. We have used also m Σ = 1193 MeV, m π = 140 MeV and m η = 550 MeV [5] . By a Fierz transformation we get
Hence, the effective Lagrangian of the transition pp → pΛ 0 K + is equal to
where the first and the second terms describe the production of the pΛ 0 pair in the 1 S 0 and 3 S 1 state by the pp pair in the 3 P 0 and 3 P 1 state, respectively. The effective coupling constants C (pp) 3 P 0
The total cross section for the reaction pp → pΛ 0 K + is given by
is the excess energy for the relative energy of the pp pair in the center of mass frame E N = p 2 + m 2 N . It is measured in MeV. The amplitudes f (pp) 3 P 0 (p 0 ) and f (pp) 3 P 1 (p 0 ) describe the pp rescattering in the 3 P 0 and 3 P 1 state at threshold of the final pΛ 0 K + state, respectively. For simplicity we have neglected the contribution of the final-state interactions, which has been taken into account in [8] .
The detailed procedure for the calculation of the amplitudes f (pp) 3 P 0 (p 0 ) and f (pp) 3 P 1 (p 0 ) is expounded in [11] . Following this procedure one gets
where the effective coupling constants C (pp) 3 P 0 (p 0 ) and C (pp) 3 P 1 (p 0 ) are defined by the π 0and η -meson exchanges 1 .
For the relative momentum of the pp pair p 0 = T N (T N + 2m N ) = 861 MeV at threshold of the reaction pp → pΛ 0 K + , the effective coupling constants C (pp) 3 P 0 (p 0 ) and C (pp) 3 P 1 (p 0 ) amount to [11] 
9)
1 By using our expression for the amplitude f (pp)3 P 0 (p 0 ) and the results obtained in [10] we can estimate the values of the phase shift δ3 P0 (p 0 ) and the inelasticity η3 P0 (p 0 ) of pp scattering in the 3 P 0 state. We get δ3 P0 (p 0 ) = − 63.0 0 and η3 P0 (p 0 ) = 0.80. This does not contradict the SAID analysis of the experimental data [18, 19] : δ3 P0 (p 0 ) = − 62.7 0 and η3 P0 (p 0 ) = 0.60.
The cross section for the reaction pp → pΛ 0 K + is equal to
(2.10)
The theoretical value σ pp→pΛ 0 K + (ε) = 5.20 ε 2 nb agrees with the experimental data [20] :
within about one standard deviation. Now we take into account the contribution of the ρ 0 -and ω 0 -mesons. The effective Lagrangian of the pp → pΛ 0 K + transition, caused by the vector -meson exchanges, is equal to 2
(2.12)
By a Fierz transformation we reduce the effective interaction to the form
The contributions of the ρ 0 -and ω 0 -meson exchanges to the coefficients C (pp) 3 P 0
For the numerical calculation we set m ρ = m ω = 780 MeV [5] . The contributions of the ρ 0 -and ω 0 -meson exchanges to the effective coupling constants C (pp) 3 P 0 (p 0 ) and
For the derivation of the phenomenological Lagrangian of the interactions of baryons with vector mesons one can use the phenomenological Lagrangian (D.4) of Re. [11] with the replacements g πN N →
This gives |f (pp) 3 P 0 (p 0 )| = 0.16 and |f (pp) 3 P 1 (p 0 )| = 0.22. The cross section for the reaction pp → pΛ 0 K + with the ρ 0 -and ω 0 -meson exchanges is
Thus, the ρ 0 -and ω 0 -meson exchanges decrease the value of the cross section for the reaction pp → pΛ 0 K + by about 9 % and lead to the better agreement with the experimental data
3 Cross section for the reaction pn → nΛ 0 K + near threshold
The pn pair in the reaction pn → nΛ 0 K + can interact in state with isospin I = 1 and I = 0. According to the generalized Pauli exclusion principle, the pn pair with isospin I = 1 can be in the 3 P 0 and 3 P 1 state with the nΛ 0 pair in the 1 S 0 and 3 S 1 state, respectively, whereas the pn pair in the state with isospin I = 0 can be in the 1 P 1 state only with the nΛ 0 pair in the 3 S 1 state. A complete set of Feynman diagrams for the pn → nΛ 0 K + transition near threshold of the final state is depicted in Fig.3 and Fig.4 . The wave functions of the initial and final states we take in the form
The amplitude of the pn → nΛ 0 K + transition, defined by the Feynman diagrams in Fig.3 and Fig.4 , is described by the effective local Lagrangian of the transition pp → pΛ 0 K + :
where the effective coupling constants A pn 
Since at low energies the nΛ 0 pair can be produced in the 1 S 0 and 3 S 1 state only, we have to extract these interactions from the effective Lagrangian Eq.(3.2) by a Fierz transformation. We get
Hence, the effective Lagrangian of the pn → nΛ 0 K + transition is equal to
where the first and the second terms describe the production of the nΛ 0 pair in the 1 S 0 and 3 S 1 state by the pn pair with isospin I = 1 in the 3 P 0 and 3 P 1 state, respectively, the third term corresponds to the interaction of the pn pair with isospin I = 0 in the 1 P 1 state. At threshold for the pn pair in the 1 P 1 state with isospin I = 0 the nΛ 0 pair produces itself in the 3 S 1 state. The effective coupling constants are equal to C (pn) 3 P 0
The total cross section for the reaction pn → nΛ 0 K + is given by
where the cross sections σ (pn) I=1 →nΛ 0 K + (ε) and σ (pn) I=0 →nΛ 0 K + (ε) are defined by
(3.8)
Here we have also neglected the contribution of the final-state interactions. The amplitude f (pn) 1 P 1 (p 0 ) describes the rescattering of the pn pair with isospin I = 0 in the 1 P 1 state. Since the amplitudes of the pn rescattering in the 3 P 0 and 3 P 1 state, f (pn) 3 P 0 (p 0 ) and f (pn) 3 P 1 (p 0 ), are equal to the amplitudes of the pp rescattering, the value of the cross section for the reaction (pn) I=1 → nΛ 0 K + is equal to σ (pn) I=1 →nΛ 0 K + (ε) = (1.71 ε 2 + 3.21 ε 2 ) nb = 4.92 ε 2 nb.
(3.9)
This gives the ratio
agreeing well with isospin-invariance of strong pN interactions near threshold of the final NΛ 0 K + states. According to [11] , the result of the calculation of the amplitude f (pn) 1 P 1 (p 0 ) is
where the coupling constant C (pn) 1 P 1 (p 0 ) is defined by the π -and η -meson exchanges and is equal to C (pn) 1 P 1 (p 0 ) = C (pn) 3 P 1 (p 0 ) = 3.05 × 10 −4 MeV −2 [11] . The cross section for the reaction (pn) I=0 → nΛ 0 K + amounts to σ (pn) I=0 →nΛ 0 K + (ε) = 23.50 ε 2 nb.
(3.12) For the total cross section for the reaction pn → nΛ 0 K + we get
For the ratio R of the cross sections for the reactions pn → nΛ 0 K + and pp → pΛ 0 K + , defined by the pseudoscalar -and scalar -meson exchanges, we obtain
This agrees well with the experimental estimate R ∼ 3 − 4 [1] . Now we can take into account the contribution of the vector meson exchanges. Unlike the reaction pp → pΛ 0 K + the contribution of the ρ 0 -and ω 0 -meson exchanges is cancelled and there are only the contributions of the charged ρ -meson exchange. The effective Lagrangian, caused by the charged ρ -meson exchanges, is equal to
(3.15) By a Fierz transformation
we obtain the contributions of the charged ρ -meson exchanges to the effective coupling constants C (pn) 3 P 0
The contributions of the charged ρ -meson exchanges to the effective coupling constants C (pn) 3 P 0 (p 0 ) and C (pn) 3 P 1 (p 0 ) amount to
This gives |f (pn) 3 P 0 (p 0 )| = 0.16 and |f (pn) 3 P 1 (p 0 )| = 0.22. The cross section for the reaction (pn) I=1 → nΛ 0 K + with the contribution of the vector -meson exchanges is σ (pn) I=1 →nΛ 0 K + (ε) = (1.86 ε 2 + 2.91 ε 2 ) nb = 4.77 ε 2 nb. (3.19) This gives the following value of the ratio R (I=1) : 20) which is in agreement with isospin invariance of the pN interactions near threshold of the final NΛ 0 K + state. The vector -meson exchanges lead to the decrease of the cross section for the reaction (pn) I=1 → nΛ 0 K + by about 3 %. Thus, the total cross section for the reaction pn → nΛ 0 K + is equal to Hence, due to the dominant contribution of the interaction of the pn pair in the state with isospin I = 0, the vector -meson exchanges have practically no influence on the cross section for the reaction pn → nΛ 0 K + . The decrease of the total cross section for the reaction pn → nΛ 0 K + , caused by the vector -meson exchanges, is about 0.5 %.
Ratio of the cross sections
Now we are able to calculate the ratio of the cross sections for the reactions pn → nΛ 0 K + and pp → pΛ 0 K + . Using the theoretical cross sections for the reactions pp → pΛ 0 K + and pn → nΛ 0 K + , calculated with the account for the contributions of the vector -meson exchanges, we get 5 On the N (1535) and N (1650) resonance exchanges
As has been pointed out by Wilkin [6] , an important contribution to the cross sections for the reactions pN → NΛ 0 K + should come from the exchange with the N(1535) resonance [21] . This is the S 11 (1535) resonance with the quantum numbers I(
The inclusion of the N(1535)-resonance exchange demands the knowledge of its interactions with the octets of the ground baryons and the pseudoscalar mesons. Since the N(1535) resonance is the member of octet [22] , the effective Lagrangian of its interactions with the ground baryons and the pseudoscalar mesons reads
where N 1 (x) = (p 1 (x), n 1 (x)) are the local interpolating field of the resonance N(1535), which we treat as an elementary particle [23]- [29] as well as the ∆(1232) resonance [24, 25] . Due to the ambiguity of the parameters of the N(1535) resonance the numerical value of the contribution of this resonance is rather ambiguous [5] . In our approach we use the following parameters: the mass m N (1535) = 1520 MeV, the width Γ N (1535) = 100 MeV and the branching ratios B(N(1535) → Nπ) = 40 % and B(N(1535) → Nη) = 35 %. We leave 25 % of the total width for other decay channels such as N(1535) → ∆(1232)π and so on [5] . For such a choice of the parameters the coupling constants are equal to g πN N 1 = 0.53 and α D1 = − 0.52.
For the reaction pp → pΛ 0 K + the N(1535) resonance gives the contribution only to the effective coupling constant A pp pΛ 0 K + . We get
2)
This makes up about 10 % of the contribution, given by the Effective Chiral Lagrangians (2.6). We can also take into account the contribution of the N(1650) resonance (the S 11 (1650) resonance) with the quantum numbers I(J P ) = 1 2 [5] . The N(1650) resonance as well as the N(1535) resonance gives the contribution to the effective coupling constant A pp pΛ 0 K + . The result is and N(1650) fits well the experimental data on the amplitude and the cross section for the reaction π − p → Λ 0 K 0 near threshold of the Λ 0 K 0 state. We would like to accentuate that a cancellation of contributions of the resonances N(1535) and N(1650) occurs only in our approach, where the resonances are treated as elementary particles. We cannot claim that such a cancellation between the contributions of these resonances should be within the approaches developed by Wilkin et al. [4, 6] or by Sibirtsev et al. [2, 7] , where the N(1535) and N(1650) resonances were described within the relativistic generalization of the Breit-Wigner approach [5] .
Thus, in our approach the total contribution of the resonances N(1535) and N(1650) is not so important in comparison with the contribution of the octet of the ground baryons coupled to the octets of the pseudoscalar and scalar mesons, defined by the Effective Chiral Lagrangian (2.6), and can be dropped for the analysis of the strangeness production near threshold of the reactions pN → NΛ 0 K + .
6 Cross section for the reaction pp → ppπ 0
In this Section we show that our approach to the calculation of the cross sections for the production of the strangeness in pN collisions near threshold can be applied well to the description of the cross section for the reaction pp → ppπ 0 .
Near threshold the reaction pp → ppπ 0 is defined by a pure 3 P 0 → 1 S 0 transition [30]- [33] . In our approach the effective Lagrangian, responsible for the (pp)3 P 0 → (pp)1 S 0 π 0 transition, is
The effective coupling constant C pp ppπ 0 is equal to
where p 0 = 362.2 MeV is a relative threshold momentum of the pp pair in the initial state. For the cross section for the reaction pp → ppπ 0 we obtain the following expression
where |f (pp) 3 P 0 (p 0 )| = 0.38. The excess energy ε is related to the kinetic energy of the proton in the laboratory frame as ε = 1 2 T N − m π . It is measured in MeV. The function Ω(ε) is defined by the phase volume of the ppπ 0 state. It is given by
The wave function ψ pp (k) is determined by [34] (see also [35] ):
, (6.5)
where we have denoted [34] 
, ctgδ e pp (k) = 1
where γ = 0.57721 . . . is Euler's constant, r C = 1/m N α = 28.82 fm with α = 1/137.036 is the fine-structure constant, δ e pp (k) is the phase shift of low-energy elastic pp scattering in terms of the S-wave scattering length a e pp = (−7.8196 ± 0.0026) fm and the effective range r e pp = (2.790 ± 0.014) fm [36] . At α → 0 and k → 0 the wave function ψ pp (k) tends to unity, ψ pp (k) → 1. This agrees well with the description of final-state interactions proposed in [37] .
The theoretical cross section for the reaction pp → ppπ 0 together with experimental data is depicted in Fig.5 . In Table 1 we adduce numerical values of the theoretical and experimental cross section for the reaction pp → ppπ 0 . The theoretical cross section agrees well with the experimental data. This implies that our approach to the analysis of the strangeness production near threshold of pN collisions works also well for the description of the pion-production. The cross sections for other channels pN → NNπ [33] can be calculated in a similar way. Figure 5 : The theoretical cross-section for the reaction pp → ppπ 0 , defined by the 3 P 0 → 1 S 0 transition. The experimental data are taken from [30] , T N is a kinetic energy of the incident proton in the laboratory frame. Table 1 : The theoretical and experimental values of the cross section for the reaction pp → ppπ 0 , caused by the 3 P → 1 S 0 transition. The experimental data are taken from [30] . The cross section is measured in µb.
7 Cross section for the reaction π 0 p → K + Λ 0
Within Effective Chiral Lagrangian approach the reaction π 0 p → K + Λ 0 has been investigated in [13] (see also [9] ). Due to isospin invariance the amplitude of the reaction π − p → K 0 Λ 0 is related to the amplitude of the reaction π 0 p → K + Λ 0 as
The relative threshold momentum of the π 0 p pair is equal to p 0 = 520 MeV. At threshold we define the amplitude of the reaction π 0 p → K + Λ 0
and the cross section [12] σ(π 0 p → K
Here p K + Λ 0 is a relative momentum of the K + Λ 0 pair, measured in GeV, and A K + Λ 0 is equal to
4)
In our approach the amplitude a K + Λ 0 is
where m Σ 2 = 1750 MeV. We remind that the resonance Σ(1750) is the octet partner of the N(1650)-resonance [5] . One can show that the contribution of the resonance Σ(1620), the octet partner of the resonance N(1535) [5] , is negligible small. For the constant A K + Λ 0 we obtain the following value
Due to isospin invariance the constant A K 0 Λ 0 of the reaction π − p → K 0 Λ 0 is equal to
Near threshold of the reaction π − p → K 0 Λ 0 the constant A K 0 Λ 0 defines the cross section [12] σ Figure 6 : The theoretical cross-section for the reaction π − p → Λ 0 K 0 with the π − p and Λ 0 K 0 pairs in the S-wave state. The experimental points are taken from [12] , p ℓab is a kinetic energy of the incident proton in the laboratory frame.
m b/GeV agrees well with the experimental data A (exp)
K 0 Λ 0 = (1.23 ± 0.23) m b/GeV [12] . The cross section for the reaction π − p → K 0 Λ 0 , calculated in our approach, agrees also well with the theoretical results obtained in [13] within SU(3) chiral dynamics with coupled channels.
One can see that unlike the reactions pN → NΛ 0 K + the contribution of the resonances N(1535) and N(1650) is very important for the correct description of the reactions π 0 p → Λ 0 K + and π − p → Λ 0 K 0 near threshold of the final states [13] . Indeed, the neglect of the resonance contributions leads to the increase of the cross section for the reaction π − p → Λ 0 K + about 3 times. This disagrees with the experimental data [12] .
In Fig. 6 we show that the region of the applicability of our theoretical cross section is restricted from above by the laboratory momentum p ℓab ≤ 910 MeV. This corresponds to 0 ≤ p K 0 Λ 0 ≤ 95 MeV. In terms of the energy excess this region is defined by 0 ≤ ε ≤ 13 MeV, where ε = p 2 K 0 Λ 0 /2µ and µ = m K m Λ 0 /(m K + m Λ 0 ) is the reduced mass of the K 0 Λ 0 pair.
Conclusion
In the approach developed in [8, 11] we have calculated the cross sections for the reactions pN → NΛ 0 K + , where N = p, n, near threshold of the final states NΛ 0 K + . Our result for the cross section for the reaction pp → pΛ 0 K + , σ pp→pΛ 0 K + (ε) = 4.74 ε 2 nb, agrees well with the experimental data σ pp→pΛ 0 K + (ε) exp = (4.4 ± 0.7) ε 2 nb [20] . We have shown that the contribution of the ρ -and ω 0 -meson exchanges to the cross section for the reaction pp → pΛ 0 K + is about 9 %.
For the cross section for the reaction pn → nΛ 0 K + we have obtained: σ pn→nΛ 0 K + (ε) = 14.14 ε 2 nb. The contribution of the ρ -and ω 0 -meson exchanges to the cross section for the pn scattering with isospin I = 1 is about 3 %. In turn, the ρ -and ω 0 -meson exchanges do not influence on the value of the cross section for the pn scattering with isospin I = 0. As a result the change of the total cross section for the reaction pn → nΛ 0 K + , caused by the contribution of the ρ -and ω 0 -meson interactions, is by about 0.5 %.
Hence, the vector -meson exchanges cannot be fully responsible for the dynamics of strong low-energy pN interactions near threshold of the reaction pN → NΛ 0 K + . However, such an assertion cannot be valid within Wilkin's approach [4, 6] , where the main contributions to the amplitudes of the reactions pN → NΛ 0 K + come from the resonances N(1535) and N(1650), described within the Breit-Wigner approach.
In addition to vector mesons we have estimated the contributions of the scalar meson f 0 (980) and the tensor meson f 2 (1270) [5] . The contribution of the scalar meson f 0 (980) makes up about 2 % [38] . In turn, the contribution of the tensor meson f 2 (1270) is about 5.7 % for the coupling constants g (1) f 2 N N ≃ 2 and g (2) f 2 N N = 0 [39, 40] . Since the theoretical accuracy of our approach is not better than 15 %, one can drop the contributions of vector, tensor, exotic scalar mesons and resonances N(1535) and N(1650) with respect to the contributions of ground baryons, pseudoscalar mesons and their chiral scalar partners, which are taken in the infinite mass limit.
We have shown that the ratio R (I=1) of the cross sections σ((pn) I=1 → nΛ 0 K + ) and σ(pp → pΛ 0 K + ) is practically equal to unity, R (I=1) ≃ 1. This agrees well with isospininvariance of strong pN interactions near threshold of the final NΛ 0 K + states.
For the ratio R of the cross sections for the reactions pn → nΛ 0 K + and pp → pΛ 0 K + we have obtained R = 2.98. The obtained result agrees well with the experimental estimate R ∼ 3 − 4. One can show that the account for the contribution of the vector K * -meson exchanges reduces the value of the ratio R = 2.98 insignificantly.
In [2] the cross sections for the reactions pN → NΛ 0 K + were obtained by fitting the experimental data by the ANKE-Collaboration for the energies of the incident proton far from threshold [7] . Therefore, the cross sections for the reactions pN → NΛ 0 K + , calculated in this paper and in [2] , are valid for different regions of the exceed energy.
Nevertheless, one can show that the continuation of the cross sections [2] to ε = 0.68 MeV [20] one gets the ratio R = 2.4, which agrees also well with the experimental data R ∼ 3.
In addition we have calculated the cross section for the reactions pp → ppπ 0 , π 0 p → Λ 0 K + and π − p → Λ 0 K 0 . The agreement of theoretical cross sections for these reactions with the experimental data implies (i) an applicability of our approach to the analyses of the production not only strange hadrons near threshold of pN collisions and (ii) the correctness of the choice of the parameters of resonances N(1535) and N(1650), the contribution of which is important for the correct description of the reactions πN → Λ 0 K.
